Next, Eq.(1) is arranged to have two couples of conjugate complex poles as follows :
(5) (6)
These poles could not be assigned arbitrarily because there are only three adjustable feedback coefficients (Kr, K1, Kd). Here, Eq.(7) establishes a constraint relation between the pole locations.
Pole Assignment of Identical Real Part
If the settling time of transient response is of interest directly ('1, the poles in Eq.(3) should be assigned to have identical real part as follows : (8) The unit-step response is obtained from Eq.(3) under the above condition.
(9) 
Finally, the step response with the optimum design is shown in Fig.4 , where a step disturbance torque with -0 .3K8 [Nm] is imposed at 20[sec]. The pole assignment design of identical real-part for PID speed servo system was presented. The design provides a good intuition for adjusting the settling time and overshoot of the system. Furthermore, by minimizing ITAE performance index, the optimum PID controller was derived. 
